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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions, and listings, or claims in the 

application: 

1 l . (Currently amended) A method for use in a transmitter adapted to employ four 

2 transmit elements to transmit a source bit stream, the method comprising the steps of: 

3 dividing said source bit stream into /, data substreams, L > 2; and 

4 grouping derivatives of symbols derived from each of said data substreams to 

5 form four transmit time sequences, one sequence for each transmit clement, said 

6 derivatives of said symbols arc members of the oroun consisting of: a. negative of one of 

7 said symbols- a negative of a complex conjugate of one of said symbols, one of said 

8 svmhnls. a svmhnl developed bv encodin g at least one samnlc of at least one of said data 

9 substreams. and an unencoded sample of at least one of said data substreams; 

10 wherein 

11 each of said time sequences spanning spans L symbol periods^ and includes _at 

12 least one derivative of at least one symbo l from each of said L data substreams; and 

13 at least one of said derivatives of said symbols beiftf is a complex conjugate of 

1 4 one of said symbols. 



7 
8 
9 



2. (Original) The invention as defined in claim 1 wherein L~4 and said time 
sequences are arranged according to a matrix, each time sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
being arranged as one of the matrices of the set of matrices consisting of 
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where: 



b u bi, h, and b 4 are said symbol derivatives from data substreams 1, 2, 3, and 4, 
respectively, and 
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10 * indicates complex conjugate. 



1 3. (Original) The invention as defined in claim 1 wherein ut least one of said 

2 groups of derivatives of said symbols includes derivatives of symbols from more than one 

3 of said data subslreams. 



1 4. (Original) The invention as defined in claim 1 further comprising the step of 

2 repeating said dividing and grouping steps. 



l 5. (Canceled) 

1 6. (Original) The invention as defined in claim 1 wherein each row of said matrix 

2 represents what is transmitted by a respective one of said transmit elements. 

1 7. (Original) The invention as defined m claim 1 wherein at least one of said 

2 transmit elements is an antenna. 

1 8. (Original) The invention as defined in claim 1 wherein 1M and said time 

2 sequences are spread and arranged according to a matrix, each spread time sequence 

3 being a row of said matrix and being transmitted by a respective one of said transmit 

4 elements, said matrix being arranged as follows; 
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j 6 where: 

!j 7 h u 6 2 , b 3 , and A 4 are said symbol derivatives from data substrcams I, 2, 3, and 4, 

J 8 respectively; 

' ; 9 * indicates complex conjugate; and 

i 

» 
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10 c,,/=l .., L are each horizontal vectors of a spreading code, each of said 

I \ horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 

12 gain. 

1 9. (Currently amended) A transmitter adapted for use with four transmit elements 

2 to transmit a source bit stream, comprising: 

3 means for dividing said source bit stream into L data substreams, A > 2; 

4 means grouping derivatives of symbols derived from each of said data substreams 

5 to form four transmit time sequences, said derivatives of said symbols arc memb ers of the 

6 srou p consisti n g of: a negative of one of said symbols , a ne gative of a complex conjugate 

7 of one of said symbols, one of said symbols, a symbo l developed bv encoding at least one 

8 sample of at least one of said data suhstreams. and an unenco d ed sample of at least one of 

9 said data substreams; and 

\0 means for grouping said time sequ ences into a matrix, each lime sequence being a 

n row of said matrix: 

12 wherein 

13 each of said time sequences s pannin g spans L symbol periods, and includes at 
,4 least one derivative of at least one symbol from e ach of said J. data substreams; and 

15 at least one of said derivatives of said symbols beisg is a complex conjugate of 

1 6 one of said symbols^-aa^ 

17 means for grouping said time sequences in to a matrix, each tim e aoquonoc being a 

18 row of said matrix . 

1 10. (Original) The invention as defined in claim 9 further comprising L means 

2 for encoding each of said data substreams prior to symbols of said data substreams being 

3 grouped by said means for grouping, so that said encoded data substreams arc grouped by 

4 said means for grouping. 
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11. (Original) The invention as 'defined in claim 9 wherein L=4 and said time 
sequences are arranged according to a matrix, each time sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
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where: 



bu h, *4 said sy^ 01 derivatives from data substreams 1, 2, 3 ? and 4, 
respectively, and 

* indicates complex conjugate. 
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12, (Original) The invention as defined in claim 9 wherein A=4 and said time 
sequences are spread and arranged according to a matrix, each spread lime sequence 
being a row of said matrix and being transmitted by a respective one of said transmit 
elcments> said matrix being arranged as follows: 



6fe 
b\c 2 



-byCy 



b A c A 



where: 

b u b 2 , *3, and b4 are said symbol derivatives from data substreams 1, 2, 3, and 4, 
respectively; 

* indicates complex conjugate; and 

c /( H ,. 3 L are each horizontal vectors of a spreading code, each of said 

horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 

gain. 
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l 13. (Canceled) 

l 14. (Original) The invention as defined in claim 9 wherein each row of said 

,2 matrix represents what is transmitted by a rcspecti ve one of said transmi t elements. 

1 IS. (Original) The invention as defined in claim 9 wherein at least one of said 

2 transmit elements is an antenna. 

1 16. (Currently amended) A transmitter for use with four transmit elements for 

2 transmitting a source bit stream, comprising: 

3 a demultiplexer that divides said source bit stream into I data substreams, L>2\ 

4 and 

5 a space time multiplexer that groups derivatives of symbols derived from of each 

6 of said data substreams to form four transmit time sequences^; 

7 wherein 

8 said derivatives of said symbols are one nf the gro up consisting of: a negative of 

9 one of said symbols, a negative of a complex conjug ate af one of said symbols, one of 

10 said symbols, a symbol developed bv enc oding at least nnp sample of at least one of said 
H data substream s, and an unencoded samnle of at least one of said data substreams: 

12 each of said time sequences sparawg srjans I symbol periods, at least one of said 

13 derivatives of said symbols being is a complex conjugate of one of said symbol s^and 

14 said time sequences groups bei»g arc arranged as a matrix, in which each time 

1 5 sequence is a row of said matrix. 

1 17. (Original) The invention as defined in claim 1 6 further comprising a plurality 

2 of radio frequency, each of which converts a respective one of said time sequences groups 

3 which it receives as an input from baseband to a radio frequency modulated signal. 

t 18. (Original) The invention as defined in claim 16 further comprising at least 

2 one encoder interposed between said demultiplexer and said space time multiplexer. 

C-\I>AT£MTS\FMchini l2-tf\Pbschini l2-6am.(l0C £ 

PAGE 9123 ' RCVD AT 3/10/2005 \ 1 :07:30 AM [Eastern Standard Tune] 1 SVR:U$PT WFXRMI3 ' DNIS:87 29306 * CSID:7329490102 ' DURATION (mm-ss):05-56 



CAPATtLMTS\Fc*5chini 12-APoschini 12-6 aratloc £ 



03/10/05 



12:03 HOLMDEL IP LAW -> USPTO 



NO. 045 



Serial No, 09/752,637 

1 19. (Original) The invention as defined in claim 16 wherein said space time 

2 multiplexer applies a spreading code to said symbols. 



20. (Canceled) 



t 21. (Original) The invention as defined in claim 16 wherein each row of said 

2 matrix represents what is transmitted by a respecti ve one of said transmit elements. 



1 22. (Original) The invention as defined in claim 16 wherein at least one of said 

2 transmit elements is an antenna. 



1 
2 
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4 
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23- (Original) The invention as defined in claim 16 wherein L=4 and said time 
sequences are arranged according to a matrix, each time sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
being arranged as one of the matrices of the set of matrices consisting of 
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t>\, &2, b* are 

respectively, and 
* indicates complex conjugate 



said symbol derivatives from data substreams 1, 2, 3, and 4, 
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1 24, (Original) The invention as defined in claim 16 wherein £=4 and said time 

2 sequences are spread and arranged according to a matrix, each spread time sequence 

3 being a row of said matrix and being transmitted by a respective one of said transmit 

4 elements, said matrix being arranged as follows: 

h& b* 2 c 2 b& b\c A ' 

bfc b' 4 c 2 -ftjc 4 
b^c } -h[c 7 b 2 c y -h\c A ^ 

6 where: 

7 bu hi, 63, and 64 are said symbol derivatives from dala subslrcams 1, 2, 3, and 4, 

8 respectively; 

9 * indicates complex conjugate; and 

10 c h /=! L are each horizontal vectors of a spreading code, each of said 

1 1 horizontal vectors spans 1 symbol period and contains N chips, where N is the spreading 

12 gain* 



r.APATRNtTSXFoschmi 12-6\Foschini 1 2-6 am.iloc y 

PAGE 11/23 ' RCVDAT 3/1012005 11:07:30 AM [Eastern Standard Time] 1 SVR:USPT0-EFXRF-1J3 ' DNIS:8729306 1 CSID:?329490102 ' DURATION (mm-ss):05-56 



03/10/05 



12:03 



HOLMDEL IP LAW -» USPTO 



NO. 045 G>12 



Serial No. 09/752,637 

1 25. (Currently amended) A transmitter adapted for use with four transmit 

2 elements to transmit a source bit s^eam, comprising: 
a demultiplexer that divides said source bit stream into L data substreams, L>2; 

4 L encoders, each of said encoders receiving and encoding one of said data 

5 substreams to produce encoded symbols; 
a space time multiplexer that groups derivatives of said encoded symbols derived 

7 from each of said data substreams to form four transmit time sequences- 
g wherein 

said derivatives *f ™* symbols are members of the ffoup consisting of: a 
np pirtivB nf one of saH ^ ymhols. a negative of a complex conjugate of one of sa id 
g yrnhnls one of said symbols, a symbo l developed bv encoding at least one sample of at 
\n*t nne nf said data substreams. and an unencoded sample of at least one of said data 

13 substreams: 

14 each of said time sequences respectively spans spaam^ L symbol periods and 
m.i«H ft< at lM«t nne d erivative of at least one symbol Prom each of said L dat a 
substreams , at least one of said derivatives of said symbols being a complex conjugate of 



3 



6 



9 
10 
11 
12 



15 
16 



i 1 7 one of said symbols-and 

IS 



said time sequences groups feemg are arranged as a matrix, in which each time 
1 9 sequence is a row of said matrix. 



26. (Original) The invention as defined in claim 25 wherein l~A and said time 
sequences are arranged according to a matrix, each lime sequence being a row of said 
matrix and being transmitted by a respective one of said transmit elements, said matrix 
4 being arranged as follows: 
i\ K Z> 3 K 

b 2 K -6, -6j 
b, -bl b, 

6 where: 

7 bu bi, and 6 4 are said symbol derivatives from data substreams 1, 2, 3, and 4, 
s respectively, and 

9 * indicates complex conjugate. 
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1 27. (Original) The invention as defined in claim 25 further comprising a plurality 

2 of radio frequency, each of which converts a respective one of said time sequences groups 

3 which it receives as an input from baseband to a radio frequency modulated signal . 



I. 
II 



1 28. (Original) The invention as defined in claim 25 wherein said space time 

2 multiplexer applies a spreading code to said symbols. 



29. (Original) The invention as defined in claim 25 wherein each row of said 
2 matrix represents what is transmitted by a respective one of said transmit elements. 

1 30. (Original) The invention as defined in claim 25 wherein at least one of said 

2 transmit elements is an antenna. 

1 31. (Currently amended) A method for use in processing received signals that 

2 were transmitted via four transmit elements of a transmitter, said transmitter being 
I 3 adapted lo transmit a source bit stream by dividing said source bit stream into L data 

4 substreams, L>2 and grouping derivatives of symbols derived from each of said data 

5 substreams to form four transmit time sequences, one sequence for each transmit element, 

6 said derivatives of said symbols are memb e rs of the group coiisistiim of: a negative of one 
n f c »iH c ymhnls. a negative of a complex conjugate of onr of sni ri symbols, one of said 
s ymbols, a symbol developed b y encoding at ieasl one sample of at least one of said data 

9 m h*m» m *. an im ancnded sample o f «t 1«,«t one of said dnla substreams; each of said 
50 time sequences spanning L sym b ol periods and inrlurtinp at least one derivative ofaQgasl 
one symbol ft™ ™<* of said T. data substreams at leant one of said derivatives of said 



i 



7 
S 



1) 



12 svmhnls being a eomnlex coiiiu ^ nf one of said symbols, sai d method comprising , the 

13 step of: 

,4 developing, from a received signal including versions of said lime sequences 

which have been combined by the channel between said transmit clcmenis and said 
receiver, reconstructed versions of said symbols derived from each of said data 



15 
16 

17 substreams. 
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1 32. (Original) The invention as defined in claim 31 wherein said developing step 

2 further comprises the step of developing reconstructed versions of said groups of 

3 derivatives of said symbols. 



1 33 . (Original) The invention as defined in claim 3 1 further comprising the step of 

2 developing reconstructed versions of said L data substreams from said reconstructed 

3 versions of said symbols 



j 

i i 
i 

i i 



34. (Original) The invention as defined in claim 31 further comprising the step of 
multiplexing reconstructed versions of said /, data substreams to form a data version of 



1 

2 

3 said source bit stream. 



1 35. (Original) The invention as defined in claim 3 1 farther comprising the step of 

2 developing reconstructed versions of said L data substreams from said reconstructed 
5 versions of said symbols by decoding said reconstructed versions of said symbols to 
4 produce samples of said reconstructed versions of said L data subsLrcams. 

1 36. (Original) The invention as defined in claim 31 wherein said developing step 

2 further comprises the step of despreading said received versions o r said time sequences. 

1 37. (Original) The invention as defined in claim 3 1 wherein said developing step 

2 further comprises the step of subsampling said received versions of said time sequences. 



38. (Original) The invention as defined in claim 3 1 wherein said developing step 
further comprises the step of match filtering derivatives of said received versions of said 



3 time sequences. 



39. (Original) The invention as defined in claim 3 ) wherein said developing step 
further comprises the step of decollating said received versions of said time sequences. 
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1 40. (Original) The invention as defined in claim 3 1 wherein said developing step 

2 further comprises performing minimum mean squared error processing. 

1 41. (Original) The invention as defined in claim 3 1 further comprising the steps 

2 of: 

3 developing, from a second received signal including versions of said time 

4 sequences which have been combined by the channel between said transmit elements and 

5 said receiver, second reconstructed versions of said symbols derived from each of said 

6 data substreams; and 
combining said reconstructed versions and said second reconstructed versions to 



7 



8 produce final versions of said symbols. 



1 42. (Original) Apparatus for use in processing received signals that were 

2 transmitted via four transmit elements of a transmitter, said transmitter being adapted to 

3 transmit a source bit stream by dividing said source bit stream into L data substreams, L > 
A 2 and grouping derivatives of symbols derived from each of said data substreams to form 

four transmit time sequences, one sequence for each transmit element, each of said time 
sequences spanning L symbol periods, at least one of said derivatives of said symbols 
being a complex conjugate of one of said symbols, said apparatus comprising: 

a matrix multiplier for supplying as an output matched filtered signals which are 
versions of preprocessed signals derived from a received signed which includes versions 
of said time sequences which have been combined by the channel between said transmit 

1 1 elements and said receiver ; and 

12 a baseband signal processing unit receiving said matched filtered signals as an 

13 input and developing therefrom reconstructed versions of said symbols derived from each 

14 of said data substreams. 

, 43. (Original) The invention as defined in claim 42 wherein said receiver is a 

2 minimum mean square error receiver. 



5 
6 
7 
8 
9 
10 



44 (Original) The invention as defined in claim 42 wherein said matrix multiplier 
multiplies from the left an L by 1 vertical vector d formed by versions of said 
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3 preprocessed signals derived from said received signal by a matrix H f to produce a new L 

4 by 1 vertical vector f so that f =H t d where t denotes complex conjugate. 



6 
6 

7 

8 



1 



45, (Original) The invention as defined in claim 44 wherein 1-4, and H is the 
following matrix 



h 




fh 




-K 


K 


-< 






K 






-K 









4 where h t is the complex channel coefficient from the P transmit clement to said 

5 receiver and all channels are flat faded channels. 



46. (Original) The invention as defined in claim 44 wherein at least one clement 
of said vertical vector d is formed by versions of said preprocessed signals derived from 
said received signal that has had the complex cunjugate of at lesast one element thereof 



9 substituted for said element. 



1 47. (Original) The invention as defined in claim 42 wherein said baseband signal 

2 processing unit multiplies a specified matrix W from the left by a vertical vector f made 

3 up of said matched filtered outputs supplied by said matrix multiplier to produce a new L 

4 by 1 vertical vector r, so that r - Wf. 



48. (Original) The invention as defined in claim 47 wherein matrix W-1C', where 



2 K- H f H 
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49. (Original) The invention as defined in claim 48 wherein L=4 and said matrix 
4 multiplication is performed in two portions, the first portion using ihc first and third 
element of vertical vector f and the second portion using the fourth and second element of 



6 vertical vector f, specifically in that order and in which a 2 x 2 matrix employed for the 

7 multiplication from the left for both portions is developed by deriving 2x2 matrix K' 

8 through deleting the second and fourth rows and columns of 4x4 matrix K where 

9 K = H T H and 2x2 matrix W =»K'"'. 



50. (Original) The invention as defined in claim 47 wherein matrix W K f (K 



2 K f +X, K )' 1 , where X. is a real scalar. 



51. (Original) The invention as defined in claim 50 wherein 5l is equal to <r* /cr,, 
where a\ is the channel noise variance and u\ is the variance of each symbol b it where 



i 

l 

2 

3 i= 1 .. L. 

1 
l 



52. (Original) The invention as defined in claim 50 wherein L=4 and said matrix 
2 multiplication is performed in two portions, the first portion using the first and third 
element of vertical vector f and the second portion using the fourth and second element of 



4 vertical vector f, specifically in that order and in which a 2 x 2 matrix employed for the 

5 multiplication from the left for both portions is developed by deriving 2 x 2 matrix K' 

6 through deleting the second and fourth rows and columns of 4x4 matrix K where 

7 K = H f H and 2x2 matrix W = K' T (K' K ;t +X K' f . 



53. (Original) The invention as defined in claim 42 further comprising L 
despreaders for developing said versions of said prcprocessed signals from said received 
signal. 

54. (Original) The invention as defined in claim 42 further comprising a 
demultiplexer for developing said versions of said preprocesscd signals from said 



3 received signal. 
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1 55. (Original) The invention as defined in claim 42 further comprising a selective 

2 conjugator for developing said versions of said preprocessed signals derived from said 

3 received signal by conjugating at least one element of despread versions of said 

4 prcprocessed signals derived from said received signal. 

1 56. (Original) The invention as defined in claim 42 further comprising a selective 

2 conjugator for developing said versions of said preprocesscd signals derived from said 

3 received signal by conjugating at least one element of subsamplcd versions of said 

4 preprocessed signals derived from said received signal. 

1 57. (Original) The invention as defined in claim 42 further comprising L 

2 decoders, each of said decoders receiving as an input reconstructed versions of said 

3 symbols derived from a respective one of said data substreams and developing therefrom 

4 a reconstructed version of said one of said data substreams. 



\ 58. (Original) The invention as defined in claim 42 further comprising L decoders, 

2 each of said decoders receiving as an input reconstructed versions of said symbols 

3 derived from a respective one of said data substreams and developing therefrom a 

4 reconstructed version of said one of said data substreams. 



1 59. (Original) The invention as delincd in claim 58 further comprising a 

2 multiplexer which receives each reconstructed version of said data substreams from said 

3 decoders and develops therefrom a reconstructed version of said source bit stream. 
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1 60. (Original) The invention as defined in claim 42 further comprising: 

2 a second matrix multiplier for supplying as an output second matched filtered 

3 signals which are second versions of preprocessed signals derived from a second received 

4 signal which includes versions of said lime sequences which have been combined by a 

5 second channel between said transmit elements and said receiver ; and 

6 a second baseband signal processing unit receiving said second matched Filtered 

7 signals as an input and developing therefrom second reconstructed versions of said 

8 symbols derived from each of said data substreams; and 

9 a combiner for combining said reconstructed versions of said symbols and said 
10 second reconstructed versions of said symbols. 
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